I also discuss some possible disadvantages: for example, access to the Internet is a primary hurdle. In addition, the realism of the photographic images, though useful in many ways, may provide too much detail, leading to unfocused design discussions and reducing the significance of individual's subjective spatial experiences of their community.
The remainder of the paper is divided into seven sections. In the next section I review Lynch's imageability theory, defining the five main elements of urban imageability (Lynch, 1960) . In section 3 I describe current research into using the World Wide Web (WWW) for urban design and public participation. In section 4 I present a brief background of the projects with lower income communities. In section 5 I describe how Lynch's model is expanded with a web-based multimedia representation of a selected community by using digital photographs and videos. In section 6 I describe a new project that uses the web and Lynch's theory to survey resident's visual preferences for specific images of their community. In section 7 I discuss the advantages and disadvantages of the employed methods and technologies and some future directions. Conclusions are given in section 8.
2 Review of Lynch's five elements of imageability Planners and geographers believe that cognitive maps are an essential part of the making of policy and the development of plans (Golledge and Stimson, 1997) . They hypothesize that, if we are aware of people's perceptions of, and preferences for, different environments, then better matches between planning and policymaking and the perceived needs of the populations for whom plans are being made, can be achieved. Lynch (1976) and Lynch and Hack (1984) wrote that better urban design could be accomplished if it is done with people. Such community participation would allow residents as well as planners to understand better the images and perceptions of the world within which people live and the world in which they would like to live. In other words, successful urban design will reflect the behavioral propensity of residents and other users. Learning about users' perceptions, preferences, and their mental images provides critical information that complements the urban designers' intuition, guidelines, and experiences.
In The Image of the City Lynch (1960) provided a theoretical framework for studying cognitive maps, urban form, and the spatial relationships of cities. This included an exploration of how regular citizens use and visualize city spaces. Lynch introduced the concept of imageability, which is public consensus on those physical elements that enhance the structure or identity of a city:`I mageability is that quality in a physical object which gives it a high probability of evoking a strong image in any given observer. It is that shape, color, or arrangement which facilitates the making of vividly identified, powerfully structured, highly useful mental images of the environment. It might also be called legibility '' (page 9). A highly imageable or legible city would be seen as well formed, distinct, and remarkable. Lynch argued that an imageable city is very important to the health and psychological well-being of its residents and visitors. An imageable city helps residents and visitors better to orientate themselves spatially, to navigate through the city, and to find their way. Lynch maintained that his theories and models could apply to various scales of spaces, from the largest cities to the smallest communities and neighborhoods. For studying imageability, Lynch divided cities into five major elements: paths, edges, districts, nodes, and landmarks.
Paths are the channels along which the observer customarily, occasionally, or potentially moves. The city is full of linear elements along which people commute and conduct daily activities. Basically, paths can be streets, with their pedestrian or vehicular flows. But paths can also consist of only parts of various streets, along which pedestrians circulate. Concentration of special uses or activity along a street may give it prominence in the minds of observers.
Lynch found that characteristic spatial qualities were able to strengthen the image of particular paths. In the simplest sense, streets that suggest extremes of either width or narrowness attracted attention. Special fac°ade characteristics are also important for path identity. According to Lynch's research in Boston, details of plantings seemed to be relatively unimportant, but a great deal of planting could reinforce a path image very effectively (1960, pages 50^51) . Proximity of special features of the city, such as the Chicago River in the case of Pilsen, can also endow a path with increased importance. Other qualities that gave importance to single paths were the visual exposure of the path itself or the visual exposure from the path of the other parts of the city. For instance, the series of bridges over the Chicago River, with their characteristic silhouettes, are eye-catching from long distances.
Lynch distinguishes between major and minor paths. Major paths have importance on the city scale. Where those major paths lacked identity, or were easily confused with each other, the entire city image was in trouble. Many of the paths in contemporary US cities are unimageable and are difficult to find both in everyday reality and in memory.
There are also some specific paths that are not necessarily streets. In Moscow, for example, one of the major mental and traffic paths is the subway system. As a main public transportation system, serving more than 3 million people every day, it represents a`city under the city'. It is a network of underground linear flows and nodal urban spacesöfrom plazas to department stores. It is one of the major orientation systems in the city, and most of the residents refer to their neighborhood according to the name of the nearest subway station.
Nodes are points, the strategic spots in a city into which an observer can enter, and which are the intensive foci to and from which people travel. Although conceptually they are small points in the city image, they may in reality be large squares, or somewhat extended linear shapes, or even entire central districts when the city is being considered at a large scale. According to Lynch, when conceiving the environment at a national or international level, then the whole city itself may become a node.
The junction, or place of a break in transportation, has compelling importance for the city observer. Because a decision must be made at junctions, people heighten their attention at such places, and attempt to perceive nearby elements with more than normal clarity. This tendency was confirmed so repeatedly that elements located at junctions may automatically be assumed to derive special prominence from their location. Subway stations, strung along their invisible path systems, are strategic junction nodes. In other cases, commuter train stops or`park and ride' places can also be perceived as major nodes, connecting the city with its suburban flows. At the same time, major railroad stations are almost always important city nodes, although their importance may be declining. In the case of Chicago, O'Hare International Airport is an important city node, which stretches up to the global scale, because it is the world's busiest airport.
Nodes may be both junctions and concentrations, in which some particular activities are especially represented (shopping, public services, etc). The best examples of nodes can be found in the traditional models of cities; for example, the main square or market places in medieval settlements. Highly differentiated, rich and intricate, those places stand in sharp juxtaposition to the general character of the city to which they belong. Nodes can also be introverted, turned in upon themselves with little reference to the city outside them, or they may be extroverted, turned outward and connected to surrounding elements.
Edges are boundaries between two phases, linear breaks in continuity: shores, railroad cuts, edges of development, walls, etc. There are major prominent edges such as the shoreline of Lake Michigan in Chicago, or a series of mountains. There are also minor edges such as a street that separates two neighborhoods. An edge could be a collection of physical elements that form a district. Edges are also related to the boundaries of an area, because they form the entrances to neighborhoodsösomething like urban gates. Edges are often composed of visual sequences, something like an urban movie (Rowe, 1987) . Therefore, edges could be less defined than nodes or paths.
In Chicago the elevated railway, or the`L', can be considered an example of an overhead edge. This is especially true in the downtown area where it so clearly marks the central business districts, or the so-called`Loop'. This overhead edge is not a barrier at the ground level and represents an important element of orientation in the city.
In discussing Chicago, Lynch underscored the importance of Lake Michigan and its wide waterfront as a``magnificent example of a visible edge, gigantic in scale, which exposes an entire metropolis to a view. The contrasts, the differentiation of events along the line, and the lateral breadth are all very strong. The effect is reinforced by the concentration of paths and activities along its extent. The scale is perhaps large and coarse, and too much open space is at times interposed between city and water, as the Loop. Yet the fac°ade of Chicago on the Lake is an unforgettable sight' ' (1960, page 45) .
Districts are the medium to large sections of the city, conceived of as having an area, which the observer mentally enters into, and which are recognizable as having some common or identifying characteristics. The physical characteristics that determine districts are thematic continuities that may consist of an endless variety of components: texture, space, form, detail, symbol, building type, use, activity, inhabitants, degree of maintenance, topography, etc. The clues for defining the district are not only the visual ones: noise can be important as well. For example, the Chicago`L' produces not only a visual impact, but also an audible impact on the urban environment, making some neighborhoods more recognizable in this sense also.
The city as a whole is composed of various districts. Lynch quotes residents ö``you can pretty much tell what area you are in '' (1960, page 66) . Some of the districts in Chicago can be defined as ethnic (Chinatown, Pilsen, Ukrainian Village), whereas others can be defined by their dominant activity (Near North Side with retail, or the Loop with its businesses). The edges seem to play a secondary role: they may set limits to a district, and may reinforce its identity, but they apparently have less to do with constituting it. Edges may augment the tendency of districts to fragment the city in a disorganizing way. Sometimes a strong node can create a sort of district in a broader homogeneous zone, simply by`radiation'; that is, by the sense of proximity to the nodal point. These districts are primarily reference areas, with little perception content, but they are useful organizing concepts.
Neighborhoods may be the clearest example of Lynch's districts. They represent an area, unified by sensus comoni and sharing the same cognitive elements. The residents identify themselves with the neighborhood that they belong to, or where they grew up. Neighborhood-level visualization is based upon (scientific and cognitive) maps, but is also related to images of space, which are strongly engraved in collective memory.
Landmarks are another type of point-reference, but in this case the observer does not enter within them; they are external. They are simply physical elements, which may vary widely in scale. The key physical characteristic of a landmark is its singularity, some aspect that is unique and memorable in the context. Landmarks become more easily identifiable, more likely to be chosen as significant, if they have a clear form, if they contrast with their background, and if there is some prominence of spatial location. Background contrast seems to be the principal factor. Despite the minor function of symbolic importance of a landmark, the contrast of siting, age, and scale can make it a very well-identified image, sometimes pleasant, sometimes irritating, sometimes just existing.
Lynch suggests that there are major landmarks and minor landmarks. For example, the Sears Tower is a major landmark for the whole of Chicago, whereas some neighborhood churches can be landmarks just for the adjacent community. Some scholars also suggest a third type of landmark that is shared by a smaller group of people or just an individual. This could be, for example, a corner store in a neighborhood or it may be a sign next to my friend's house (Egenhofer and Mark, 1995) .
In Lynch's framework described above, one could view a city as a web of paths and nodes that are surrounded by edges and contain districts and landmarks. Furthermore, these five elements can be viewed at three levels: regional, local, and individual. Physical elements are likely to be associated with all three of these levels. For example, a regional edge could be a wide river, a local edge could be a thoroughfare, and an individual edge could be a fence in my backyard.
One may notice that subjectivity increases as the scale decreases; most people will agree on regional landmarks, or edges, but there will be more differences of opinion on local markers and almost complete subjectivity on individual edges, paths, districts, etc. Individuals' perceptions vary according to past experience, age, gender, and the like. Therefore, these five elements of city image are not equally perceived: for most of the people that Lynch interviewed, paths were the predominant city elements, but the people who know the city best rely more upon small landmarks and less upon paths.
In Lynch's surveys and research into city imageability, he generally used text, sketches of mental maps, and still photographs to describe and represent these five elements in various cities and communities. Although one can form a generalized mental image from these tools, in this paper I have represented the five elements in a particular community on the WWW by using animated sequences of photographs and brief`movies'. This provides viewers with a more realistic visualization of the places that are being represented and opens the possibility of reaching a wider audience.
3 Urban design and public participation on the WWW The use of the WWW for urban design purposes is a new and expanding area of research. Increasingly sophisticated applications are being developed, including various kinds of visualization that inform survey and analysis as well as design itself. Although visualization has always been important in conveying urban design plans and ideas, the development of digital technologies has transformed this aspect of the design process. Digital tools are being developed primarily in the areas of urban simulation, three-dimensional (3D) modeling, and virtual reality (VR).
One area that is receiving a great deal of attention lately is the development of virtual worlds and the visualization of urban forms within multiuser environments. These newest types of virtual reality technology do not require specialized interface devices, such as VR helmets, and thus virtual worlds can be displayed on most modern PCs. An example of this is the 3D model of the city of Bath in England, which has been developed to assess the visual impact of new planning applications. Bath City Council supported this project and, since its completion, the model has been used by the city planners to test the visual impact of a number of proposed developments on the city. The system uses hyperlinks to couple the 3D model to other related databases (Day, 1994; Day et al, 1996) .
At the Centre for Advanced Spatial Analysis (CASA), an initiative within University College London, current research is focused on the visualization and modeling of small-scale urban environments with web-based VR techniques. Current projects are the development of a multiuser Internet GIS for London with extensive links to 3D models, video, text, and related media, an exploration of optimal retail location by using a semi-immersive visualization in which experts can explore such problems, a virtual urban world in which remote users as avatars can manipulate urban designs, and an approach to simulating such virtual worlds through morphological modeling (Batty et al, 1998) .
In another example, the Urban Simulation Team at the UCLA Department of Architecture and Urban Planning, lead by Professor William Jepson, are creating an interactive city model of greater Los Angeles covering over 4000 square miles (Jepson et al, 1996; Liggett and Jepson, 1995 ; http://www.aud.ucla.edu/bill/LA.html; and http://www.aud.ucla.edu/bill/uSim.html). Theirs is a methodology that integrates existing systems such as CAD and GIS with real-time visual simulation to facilitate the modeling, display, and evaluation of alternative proposed environments.
These types of virtual world projects are highly sophisticated and quite intensive in terms of cost and personnel time. Since cities are always changing, in terms of new buildings, remodeling, and demolitions, maintenance becomes an enormous and continuous task. In addition, in order to run well on the WWW, virtual worlds may take a very long time to load or may even require a high-end computer to run at all. One question that may be raised is, are there other, more cost-effective ways to visualize urban form? In a review of urban simulation models (not web-based), one of Pietsch's conclusions what that in some circumstances, detailed visualization models of urban form will not necessarily add much to the debate and in some cases, less detailed and more abstract visualization models will suffice (Pietsch, 2000) . Although a similar review has not been done of web-based projects, her conclusion may be relevant to this arena as well.
Shiffer and others at MIT have researched a slightly different method of using the WWW for urban planning and design. They have explored how emerging information and web technologies can improve the processing and communication of planningrelated information in metropolitan planning organizations. They provide case studies illustrating how to deliver spatially referenced multimedia material for site planning and reviews by using projects in Washington, DC, the South Boston Seaport, and Boston's waterfront development. Such multimedia interfaces, coupled with the accessibility of the WWW, has the possibility of opening up a new paradigm within urban design, one which helps to communicate ideas and developments to other agencies and the general public (Shiffer, 1995) . As Shiffer's work has demonstrated, one result of this move toward digital visualization of urban form and distribution of information on the WWW is that there are new possibilities for involving the lay public in design decisionmaking. Although there is increasing attention to developing the most sophisticated urban design models on the WWW as new technologies become available, another possible avenue for research is to explore which types of digital tools and interfaces can best engage the public in planning activities. As the number of households with Internet access increases, and the demographic profile of Internet users diversifies, the potential for using the WWW for public participation planning increases exponentially.
The drawbacks of using the web for communication between planners and designers and the public center around the broad issue of access. First, though access is increasing, it is still difficult to draw a random, representative sample because Internet users do not yet accurately reflect the real demographic makeup of the general public. Also, users must be quite motivated to log on and find the web site in order to participate. This fact underlies a concern about creating a critical mass of users to sustain meaningful Internet interactions. This prompts the question of what factors are needed to achieve a critical level of activity (Shiffer, 1995) .
In the project described here, I have attempted to combine web-based multimedia technology for urban design with a focus toward public participation. In using Lynch's model as a framework, I have not attempted realistically to represent the entire community in complete detail, but rather to visualize selected areas that were selected as most imageable by residents. This may be called`focused' visualization.
Because we use real photographs and movies, these selected visualizations are highly realistic and appeal to the novice. This is crucial in public participation where most of the participants are not expert planners. The classification of the community into nodes, paths, landmarks, edges, and districts helps people to think analytically about the visualized form. The viewers are set in a cognitive framework that makes them expect the visualization form. For example, if the visualized area is a path, then it is expected to be`linear'; if it is a node, then it is expected to be round (panoramic); if it is a landmark, it is expected to be a single point; and so on. Lynch's model could be useful particularly as the scale of the studied area becomes bigger and more challenging to depict with a high level of realism and detail.
Although the project in this paper is limited to a relatively small community, Lynch's typology can conceivably be extended to even larger scales. For example, Singh (1999) begins with Lynch's concept of nodes as a useful way to create a sketch plan of a landscape that distills a complex scenario into a simplified picture that enables the urban designer clearly to communicate a design concept. He then rationalizes Lynch's node concept into an algorithm that uses GIS and an accessible data source to locate and map nodes throughout an entire city.
University^community collaboration in neighborhood planning
The project described in this paper has grown out of a long-term collaboration between the University of Illinois at Chicago (UIC) and its surrounding communities. The current project is the latest effort in UIC's 20-year history of engagement in community-based planning and design, that has involved over 200 projects in the Pilsen community alone. The Great Cities Institute (http://www.uic.edu/cuppa/gci/ about/index.htm) which was founded in 1993, is the primary avenue through which the university combines teaching, research, and service to meet community needs in Chicago and other urban areas. A key aspect of the Institute is the UIC Neighborhoods Initiative (UICNI). Created in 1994, UICNI is a comprehensive community development program based on a partnership model between UIC and adjacent neighborhoods, such as Pilsen which is located just south of the campus and home to a primarily Mexican^American community of 50 000 residents (CFBC, 1990) .
The Great Cities Institute recently began another urban outreach program called the Great Cities Urban Data Visualization program (GCUDV) (http://www.uic.edu/ cuppa/udv/ ) which has a commitment to using state-of-the-art visualization technology in neighborhood planning. The GCUDV program builds learning communities among teams of faculty and students around projects focused on image banks, urban data, and urban visualization. The intent is to address social and ecological data as well as urban image visualization. The project described in this paper drew on the resources of both the UIC Neighborhoods Initiative and the Urban Data Vizualization program.
In 1998, leaders of several Pilsen community organizations contacted UIC's City Design Center (CDC) and GCUDV and expressed an interest in carrying out a comprehensive, participatory approach to planning and design development in their community. They felt that the meaningful involvement of all stakeholdersöincluding their neighbor, the University of Illinois at Chicago öwould strengthen the sense of community, and a collaborative effort would help present a`unified front' when funding opportunities arose. A 25-member planning team was formed, which included community residents, leaders from several community organizations, and four faculty from the planning and architecture departments of UIC. UIC team members saw this as a unique opportunity to combine public participation with the latest visualization technology. A variety of workshops, projects, and surveys have been conducted since the partnership began (see Al-Kodmany, 1999) . The current project builds on these earlier experiences and relationships.
5 The project: using web technology to visualize Lynch's five elements of city image
Purpose and background of project
The purpose of this project was twofold. First, researchers sought to develop a web site that would provide visualization and contextualization for the many planning and design activities that take place in the Pilsen community and have it be accessible to residents. The goal was to go beyond simply providing maps; it was also to display images of the community in real time so that viewers could visualize specific map locations. The images would provide a way to visualize the places that residents found to be the most important locations in their neighborhood. Once these`imageable' areas were identified through in-person interviews with residents at local CBOs, researchers then used web technologies to create visual`tours' of the selected areas. The second purpose of the project was to explore how Lynch's elements of city identity (path, node, edge, district, and landmark) could be utilized as an appropriate and effective way to organize digital visualizations.
The first step in the project was interviewing residents to learn about their perceptions of community imageability. In these interviews, we used paper maps rather than computers to pinpoint spatially interviewees' input. We asked residents questions about what they thought to be imageable places, what things in their community stick out in their memories. Lynch's imageability model framed the interviews and questions centered on Lynch's five imageability elements. For example, some questions were: What are the major landmarks (structures or spaces) that stand out in your community? What are the major streets (paths) in your community? What are the major boundaries of your community (edges)? Where is the heart of your community (district)? What are the main points of action in your community (nodes)?
Participants' previous experience varied but most of them did not have any urban design expertise. The length of their residence in Pilsen also varied. The residents who participated tended to be those citizens who were active with the local grass-roots community group organizations (The Resurrection Project and the Eighteenth Street Development Cooperation). Additional participants were recruited from those who visited these organizations for assistance (with immigration, health, jobs, etc). These individuals wanted to see how these projects could promote their interest in their community. Participants tended to be Hispanic, from younger age groups, and were split between men and women.
When the interviews were complete, we grouped and tabulated all the answers and created a cognitive map that showed locations of the most imageable elements; in other words, elements that were mentioned most often in the interviews. We then created the electronic visualizations of the selected locations on the project web site.
As part of the overall process of conducting workshops and interviews in Pilsen, the UIC team donated and installed computers with Internet access at the offices of community organizations in Pilsen. Residents were also offered access to computers at the university computer labs. This reflects the ultimate purpose of the web site, which is to make community imageability accessible to all residents. The site is being used for several purposes including`showing people around my community over the Internet'. Also, teachers are using the web sites to educate themselves and schoolchildren about the community. The web sites have also been very helpful in subsequent workshops in the community, helping to orient both residents and planners to the community's spatial context. I envision building on these sites to make them more descriptive and to update them. In a matter of a few years more areas will be covered and any shifts in community imageability will be learned about. The CBOs that were worked with have asked if the web interface could be further developed into a`community information system' where images could be associated with social, economic, and ecological information.
Although the overall goal of the project was to take a`bottom-up' approach by gathering data directly from residents of the community, the reality is that I combined a top-down and a bottom-up approach. That is, I`imposed' the Lynch model as a single way to visualize the community. The model suggests only five elements (edge, district, node, path, and landmarks). It is possible that the residents visualize the community in a very different way, and thus the overall framework is provided by the experts and could be viewed as a top-down. However, the project has a significant bottom-up element in that I conducted surveys and interviews with participants to tell me about the imageable elements of their community within Lynch's framework. The identification of elements is done by participantsöthe nonurban designers and nonexpertsöand thus the visualized elements reflect their perceptions.
General description of the web site
When the main project web site opens, users see a map of the Pilsen community that outlines the streets and blocks and contains a variety of different clickable icons. These icons represent images of some of the imageable locations in the community. The most imageable areas were located in and around the 18th Street corridor and so the majority of icons are concentrated in this subsection of the community. When the user clicks within this predefined area, he or she is brought to a larger scale map of this area on the same web page. The different icons overlaid on the map indicate the availability of various types of images and videos. A legend above the map details what each icon represents (for example, a red circle indicates a video clip, a red arrow indicates a still image of a directional view, etc). The user can choose which locations to view. Basically, the web site functions by connecting images with locations on the map; users have an interactive experience of simultaneously being able to see and understand where they are on the map, and to view an image or a series of images that show what that actual location looks like. The web site is shown in figure 1 (over), and can be accessed at http://www.evl.uic.edu/sopark/new/RA/.
The web page was designed by using HTML, Imagemaps, and JavaScript. The layout was done by using tables in HTML. Imagemaps were used to link the various points on the map to actual digital images of that location. JavaScript was used to open a separate window of different sizes for linear side views (several digital photos moving down one side of the street) and directional views, each of which was represented by a separate clickable icon.
At the genesis of this project, we attempted to use a GIS that had previously been created for the Pilsen community and had been used in workshops with community residents. However, we faced technical challenges since the GIS did not have the ability to handle the large number of images that we wanted to use. To maintain the connection to the already existing GIS, we linked GIS maps to the web site by using Avenue scripts (available from ESRI ArcScripts site, http://gis.esri.com/arcscripts/ scripts/cfm). The downloaded file executes a web browser program (Netscape 3.0 or higher) and opens predefined web sites when a user clicks linked features on the maps (Al-Kodmany, 2000) . We found that the web provided a better alternative than GIS for organizing and displaying images and was the most appropriate medium for expanding Lynch's model.
Recommended browser setup includes the latest versions of Microsoft Internet Explorer (4.x^5.x), and Netscape 4.x. The latest version of Netscape Navigator (currently version 6) is not recommended, as it responds to a completely different Document Object Model than the previous version, and thus renders the site unusable. Required plugins include version 4.0 or higher of the QuickTime plugin (available at http://www.apple.com) for viewing panoramic images and video media. It is also recommended that the site be viewed on a monitor capable of displaying a minimum resolution of 800 Â 600 pixels.
Visualizing Lynch's five elements
Areas in the community that were most frequently mentioned by residents in the interviews are represented by one of Lynch's five elements of imageability. There was wide consensus among participants that 18th Street was a major path. The Chicago River was identified as a major edge that borders the community to the south and east, and the railroad tracks were identified as an edge to the community on the north and west. Three major nodes were noted along 18th Street. One district was identified: the extended area around the intersection of 18th Street and Blue Island, primarily a retail/restaurant district. 
Serial views
In order to visualize 18th Street, a major path, we created the`serial view' that allows interactive navigation and an animated view of the street. The serial navigation of 18th Street is simulated as follows: when a movie camera icon is clicked by the user, the series of red arrows along 18th Street (described above as single images) are successively highlighted, creating the appearance that an arrow is moving along the street. At the same time, photographic images corresponding to the areas under the highlighted arrow are loaded up and displayed in another window, with a several-second delay between each image. This allows the viewer to have the simulated experience of traveling down this main street corridor; they are able to see the visual appearance of the area at the same time they see its location on the map. This is accomplished on the web by using a combination of JavaScript and Dynamic HTML. JavaScript was used to animate the digital images of 18th Street and Dynamic HTML was used to overlay and position the arrow key over the map. The images of 18th Street are animated with respect to the position of the arrow key on the map (figure 2(c)].
Linear side views
Another method we used to illustrate areas of concern along a path is the`linear side view' technique. Whereas the serial view described above simulated a traveler looking frontward, this technique simulates a person looking sideward, to view the facades of buildings. When the user clicks on the icon of a bidirectional red arrow, a window opens up showing several consecutive images of the streetscape along one side of the street. To create this tool, digital images were taken along one side of the street and imported into a computer, and then were retouched and combined into a panoramic view.
Nodes
The nodes along 18th Street are major intersections or points that have either a high level of activity or significant architectural features. On the Pilsen map, these nodes are represented by either red circle icons, which indicate that there is a`nodal movie' of this location available for viewing, or two crossed arrows, indicating a`four-directional view'.
Four-directional views
One way that we displayed images of nodes was the`four-directional view' technique [ figure 3(a) ]. A four-directional arrow icon on the map indicates the availability of this visual. Four digital photographic images of a node were taken across from each corner. These images were then imported into a computer, retouched, and assembled in a foursquare grid according to the street layout by using Adobe Photoshop. The four images are loaded up into another window when the user clicks on the arrow icon. This is another useful way to visualize a node as it simulates someone having`four eyes' looking forward and backward simultaneously. It is effective because it focuses on street corners, which are critical areas of urban form (Cullen, 1961) . Corners have the greatest vantage points of paths and are important points of a node. Therefore, this technique is useful for examining the architectural coherence of the four street corners of an intersection simultaneously. We have recently added a six-directional view image as well.
Nodal movie ö 3608 QuickTime panoramic movies
A more sophisticated way to view a node is the nodal movie [ figure 3(b) ]. When a user clicks on one of the red circle icons, a movie opens in a separate window. When the user moves the mouse over the nodal movie (which is comprised of a series of still pictures) the cursor turns into an arrow. By clicking on the arrow and moving it in any desired direction, additional parts of the movie are displayed. The user can pan around by pointing the arrow in the desired direction, covering 3608, and he or she can stop at any point and change directions. These navigational capabilities are substantial as they allow the user to go in any direction and examine the physical characteristics of the area. The nodal movie also allows a user to zoom in to examine specific objects or zoom out to view the`big' picture.
The nodal movies were created using Apple's QuickTime VR authoring studio, which provides a way to navigate virtual as well as real-world scenes by using cylindrical panoramas. The idea can be interpreted as wrapping a panoramic image onto the surface of a cylinder. The viewpoint is positioned at the center of the cylinder and the user can then look around in the environment represented by the panoramic image. Within this setting, the user can pan 3608, zoom in or out, and tile the viewing direction up and down. We took digital images of the nodes with a wide-angle lens and a tripod to create the movies. A total of 12 images per node were taken with a difference of 308. To encompass the whole area (3608), the images were imported into the computer, retouched with Adobe Photoshop, and sewn together with QuickTime.
The nodal movie provides a fun and effective way to explore and visualize urban space. The traditional way to visualize a node was to piece together multiple pictures covering the 3608 and then piece them together on a board. Such a panoramic view is accessible only to a limited audience and does not have a realistic appearance. In contrast, the new digital movie on the web is accessible to unlimited audiences and it provides a more realistic experience of the site. However, one difficulty in constructing nodal movies is the initial step of collecting the 12 images of the scene. The cameraperson must stay at the center of the node, which is frequently an intersection that is busy with cars and pedestrians.
Augmenting nodal movies with linear movies
A new web-based technology that has recently been worked on is augmenting nodal movies by embedding several linear movies within them (figure 4). These linear movies are added to the nodal movie by creating`hot spots' or markers in the nodal movie. As the user navigates and pans around in the 3608 nodal movie, the cursor will turn into a bold arrow icon when it nears the hotspot, indicating that upon clicking that spot, a linear movie will play. This technology is utilized in this project as follows. In one example, the nodal movie shows an intersection of two streets. After creating this nodal movie, six linear movies for the six street segments were embedded, with a hotspot (marker) indicating the presence of each linear movie. When a user navigates the nodal movie and reaches the intersection of the streets, he or she can click on one of the hotspots and another linear movie will play, simulating traveling into that street segment. When the linear movie ends, the user gets prompted back to where he or she started. The user again pans around until meeting another hotspot. Upon clicking the arrow icon, another linear movie plays simulating traveling into that street segment. This process can be repeated until the participant views all four linear movies. The user has full freedom in choosing the navigation paths in the nodal movie and freedom in selecting the linear movies.
This technology is very useful for visualizing a node and the roads that lead to it. This is a powerful feature as it may reveal some otherwise hidden spatial relationships between a node and paths. One advantage of the linear movie is that it better represents and simulates the spatial experience of traveling on a street, in comparison with still pictures. The key drawback of linear videos, however, is that they are large files that require a large amount of storage space and a long time to load on the web. Because of this, sometimes the browser will shut down while it is loading the movies (see http:// g015.cuppa.uic.edu/viz/mov/test/testNode.mov). The file size of this movie, which is comprised of a nodal movie and four linear movies, is about 40 MB. Video streaming, compression, and sampling technologies are rapidly addressing this drawback.
Edges

Photographs
In this project, edges were identified primarily as those points (nodes) that function as entrances to the community. For example, Pilsen is bordered on the south by the Chicago River and so edges were visualized at those points where streets or railways cross the river at bridges. These edges serve as specific gates to the neighborhood. They can be represented as points on the map and displayed as still photographs, or a panoramic view. Upon clicking on the map, a window with multiple photographs, or a panoramic view, appears.
Video
In addition to photographs it is planned to use video in the future to visualize edges, since video can simulate even better the perception of space from the pedestrian or motorist point of view. Video can visualize motion, which is an essential part of every urban gate, entrance, beginning, etc. The pictures in motion can capture many more dimensions of urban space, such as sounds, vehicular and pedestrian movement, etc. However, as explained earlier, videos are still difficult to run on the web. It takes a long time to load them, particularly from a telephone line.
Districts
Difficult to represent
Because of their size and scale, districts may be the most complicated element for visualization. The difficulty is in how to display the whole area (a neighborhood, subdivision, etc), while at the same time simulating the perception of space from the resident's point of view. In this project, the area around the intersection of 18th Street and Blue Island is an example of a small district. A new technology to visualize a district is being worked on. One way to visualize the area is to use the technology described above (augmenting nodal movies with multiple linear movies). Another alternative is to use Virtual Reality Markup Language (VRML) on the web.
Virtual reality
Recently, a virtual reality model for visualizing a district in Pilsen was tested on the web. Written with VRML, the user can navigate the model freely on the web. VRML is a text file format for describing interactive 3D environments. Objects created by using VRML can be attached through hyperlinks to other HTML or VRML files, which enables us to link the objects (such as buildings, streets, etc) to text, sounds, movies, and images. One problem with the model, however, is the lack of realism; when buildings, for example, are viewed, they all appear as monochromatic cubes. To make the visualization appear more realistic, we`glued' photographs onto some of the building facades by using texture-mapping techniques.
In this model, participants would be able to walk through or drive through the area along one of several different paths. Unlike with other visualized elements (nodes, paths, edges, and landmarks) there is no predefined path (see http://g015.cuppa.uic.edu/viz/Package2/18txt-ani2.wrl).
VRML could be a solution for visualizing districts as it enables the user freely to navigate the model. However, in addition to lacking realism, there are three other drawbacks to this method at the present time. First, it requires special software, such as Cosmo Player (available at http://www.cai.com/cosmo/) in order to view it. Second, constructing the model requires immense time and labor since the model is composed of numerous small images that enable it to load on the web. Third, the speed of navigating the model depends largely on the capabilities of the user's machine. In most cases, a smooth navigation requires a high-end machine. Otherwise, it takes time to redraw frames of the model and, consequently, one would view the construction lines of the model before the skin wraps around the skeleton. Developments are being made that would allow streaming of VRML worlds over the web. Streaming would improve the ability to deliver these large file sizes.
In spite of these obstacles, however, VRML is a promising area for further development and it is becoming increasingly common on the Internet. It is a unique tool in that it is able to communicate the experiential nature of urban settings better than any other tools that planners have available at present (George and Selvakumar, 1998; Liggett and Jepson, 1995) .
Landmarks
Visualizations of landmarks are the easiest to implement on the web because they are, relative to the other four elements, well-defined single objects. The simplest way to represent a landmark is to use a single picture of a major view of the landmark (for example, the main entrance of a shrine). By clicking on a circle or arrow icon on the map an image comes up on the screen representing that landmark. This suffices for the audience to recognize the object and to recall the general characteristics of the landmark.
There are many other ways to represent landmarks. One method that provides a more complete representation is to use an image that is a wide-angle, 1808 view. This allows viewers to appreciate the relationship of the landmark to its surroundings. Or, a single click on a map icon could provide multiple views. The multiple views could show more important aspects of the landmark such as side facades, special elements, architectural detailing, and ornamentation.
Recently, two new projects that explore new and different ways to represent landmarks have been created. In the first project, the base map is a GIS map that is constructed by using orthophotographic images öa geometrically correcting aerial photographöof the community (http://g015.cuppa.uic.edu/cheng/navigation-updated.html; figure 5 ). The drawing file was converted into a proper format and edited in Micro Media's Flash Web software. Then, actual photographs of landmarks were hyperlinked to their spatial positions on the map. A mouse-over feature was implemented with the links so that when the cursor goes over a landmark, a thumbnail photograph of the landmark pops up on the screen. In this way, viewers can quickly scan the thumbnail photographs of landmarks of the community. When a viewer wants more information about a particular landmark, he or she can click on the thumbnail photograph, which brings up a large-sized photograph with associated text. In addition to the mouse-over feature, this web site has a powerful zooming function provided by the Flash software. It is a movie file that allows zooming in and out in real-time on the map. (In both projects, a dialog box asks you to install Flash software, which usually takes only a few seconds).
In another project, we reconstructed the map using an artist's colorful rendering of the community (http://g015.cuppa.uic.edu/cheng/pilsencartoon.html; figure 6 ). The base map was traced by hand in color pencil and color ink. Graphic icons were abstracted from real photographs of the landmarks and were drawn directly on the map. After the completion of the drawing, the map was scanned, converted into a proper format, edited in Flash Software, and tested on the web browser. Two other versions of this`cartoon' map add additional features. In the second version, some elements on the map were animated to differentiate between dynamic elements (buses, trucks, trains, boats) and static elements (buildings, bridges, etc) (http://g015.cuppa.uic.edu/hw/animatedmap.html). In the third version, the different types of landmarks are layered on the cartoon map so that viewers can see themes such as schools, cultural places, hospitals, factories, etc (http://g015.cuppa.uic.edu/cheng/index.html). 
Organizing Lynch's five elements on separate transparent layers
In the project web site described above, images and movies of all the five elements were put on the same mapöa single`layer'. The resulting map is somewhat cluttered and the number of icons placed on the web map make it difficult to read. Consequently, the number of elements that could be displayed had to be limited.
To address this issue, alternative methods for organizing the icons have been explored. One promising improvement to the interface is displaying each of the five elements on a separate layer on the same map by using JavaScript or HTML (figure 7; see http://g015.cuppa.uic.edu/gridfeedbak/landmarks/mainframe-05A.html). The goal of the project was to build an interface that gives the user the ability to view the five different elements selectively, switching them on and off as the user pleases, while also providing general information on any specific element represented on the map. In other words, the initial interface (a map of the study site) has five`transparent' layers, each of which can be turned on or off. One layer shows landmarks, one shows districts and then paths, nodes, and so on. This is a particularly useful way to view larger elements, such as districts and paths (figure 8, over). Two additional layers, an aerial photograph of the area, and a street name layer, help users orient themselves to the community. A major portion of the interface consists of the map itself, which is a long, and potentially obtrusive element, but is absolutely necessary for this project. Accommodations also needed to be made for the element interface controls, as well as for the general information to be displayed. The best accommodation, given other technical restrictions, was the three-framed interface which divides the browser window into two rows; the first subdivided into two columns, with the first column dedicated for text information, and the second column for the interface controls. The bottom row is reserved solely for the map of 18th Street, which is horizontally scrollable. Control of the interface utilizes an integration of DHTML and JavaScript.
Again, the latest versions of Microsoft Internet Explorer (4.x^5.x), and Netscape Navigator 4.x work best, and on a small monitor it may be necessary to expand screen area by going to`View',`Toolbars' and turning off the standard buttons bar and the address bar.
6 Additional applications: using Lynch's model and web technology to survey the public In the main project described in this paper the web was used to visualize results of a survey on community imageability. Images, were used primarily for informational purposes, to assist residents and planners in visualizing these selected areas of the community. However, new technology also gives us the potential actually to use images in surveying residents to discover their preferences and evaluations of various locations in the community. In another project that is under development, visualizations of Lynch's five elements will be used, similar to the visualizations described above, to conduct a community visual preference survey. The purpose of the survey is to learn how the imageability of each of the five elements can be strengthened in a specific community. Participants will click on a web-based map to view various locations in the community (nodes, edges, etc) and will be asked for their responses. In this project the work is extended by incorporating two-way communication between planners and the public. This project will be based on the concept of measuring a community's visual preferences, by using the web and Lynch's urban design model as a framework for the survey. It will work in the following way: on the opening web page, http://g015.cuppa.uic.edu/ gridFeedbak/popup templates/mainframe-4.html, the participant would see the aerial map of a section of the community (in developing this project an aerial photograph of the 18th Street corridor was used, a 1/4 mile by 2 mile strip). A series of numbered camera icons are overlaid on the map, indicating a sequence of images/survey questions. The images display a variety of nodes, paths, landmarks, and edges. When each camera icon is clicked, a new window opens displaying a photographic image of Figure 9 . Evaluating images of the community on the web. that location accompanied by a list of possible factors for liking and disliking the accompanying scene (for example, naturalness, upkeep, and historical significance as positive indicators; and congestion, dilapidation, and chaotic outdoor advertising as negative indicators; figure 9 ). The aerial map remains visible behind the image and checklist, allowing the participant to georeference the location of the image in the community. The participant may check any of the factors in the list that they agree with. Participants repeat this process for all the images in the survey.
Another possibility with this interface is that instead of seeing a still image with a checklist after clicking the icon, the user may view a movie and an open-ended textbox where they could type in their own comments about that location. The movie would provide a slightly more realistic experience of the area, hopefully stimulating the participant to recall thoughts about the location from their own experience.
The checklist would have the advantage of allowing us to receive information that could be quantified and measured statistically. The obvious disadvantage is that the format limits participants to the predefined list of comments and so the data may not adequately reflect participants' views. The alternative, the open-ended text box, may allow more complete data to be gathered but we would be limited in our ability to summarize the data succinctly. This is only one of a number of projects that are being developed to advance Lynch's model to be used for public participation applications. These projects aim to use the web and the five-elements model in attempting to capture the public's evaluation of their city. These tools provide new ways to explore how citizens use and visualize city space.
Discussion
7.1 Using urban design theory to represent the public's perception of space There are generally two types of perception of urban space: the first is`scientific/expert', defined by scholars, architects, and planners; the second is a sort of common-sense urban world, based on`naive geography' (Mark and Egenhofer, 1996) . One of the main objectives of urban planners and designers is to take this subjective collection of meanings and translate them into established urban design theories and models such as Lynch's. Lynch's theory organizes the way people think about and mentally map their surroundings. Notions such as paths, districts, and nodes are natural ways of defining the way people interact with the environment.
However, to try and represent these spatial concepts with only the tools of text, sketches, and still photographs, as Lynch did, is limiting because these places and spaces are inherently contextual. This project attempted to overcome some of these limitations by combining the important urban design concept of imageability with modern web and visualization technology.
7.2 Benefits of using web-based images to represent Lynch's five elements Through this research, I have identified four main benefits of using web-based images to represent Lynch's five elements.
7.2.1 Provides efficient and realistic representations of the community's spatial context Studies have shown that local residents are aware of and can vividly remember only a small section of their community and this section is likely to be their immediate neighborhood and travel routes (Golledge and Stimson, 1997) . This web site facilitates learning about other places in the same neighborhood or community. The tools provide a way to enhance people's memories of certain locations and help them to visualize environmental details by more closely representing the experience of a pedestrian in the community.
A key benefit of using interactive maps and images is the ability to incorporate more of the spatial context for the places that residents identified as the most important nodes, districts, landmarks, etc in their community. By animating the photographs and making`movies' of the important nodes and paths in people's everyday lives, I attempted to provide a more accurate representation of the kinds of locations that Lynch describes. Because I used actual photographs, the representation is very realistic. People can relate to pictures and movies better than to abstract representations, whether they are artist's renderings or high-tech virtual computer models (Bosselmann, 1998; Nasar, 1998) . Furthermore, with the technology of hyperlinking, many images, including movies and animation, can be placed on a single map. The viewer has freedom in choosing which to look at and in what order.
Supports human cognition
Another advantage of using concrete images is that they can simplify information processing for decisionmaking. In using multimedia presentation, the mapping criteria are no longer mental abstractions, but instead representations of objective reality (in other words, instead of a memory of what a streetscape looks like, the decisionmaker now can have a photograph or panoramic view). This means that individuals who may have trouble processing abstract knowledge, such as being able even to read a map, can now access and actually use information for decisionmaking that was formerly inaccessible and therefore unusable. This is an important advantage when working in a community where education levels may suggest a low likelihood that individuals are familiar with map-reading. Furthermore, viewing and selecting preferred images is an easily completed task for participants who differ in terms of education, income, race, and technical abilities (Kaplan and Kaplan, 1982) . A very minimal level of map-reading skill would be required.
The web is a medium that can handle a mix of technologies, including virtual reality, nodal movies, linear movies, static pictures, panoramic views, etc. This medium provides a platform to package different pieces of information of different formats in an associative way. This`associative platform' supports human cognition, as it more closely resembles the way in which humans actually process information. Linking photographic images to their specific geographic locations on the map simulates human cognition and memory in that the human mind continuously georeferences images. That is, when our eyes view something, the brain immediately associates the image with its geographic location. The image could be a book, a tree, a neighborhood, a city, etc. We recall a book by picturing it to be on the bookshelf or on a table. Similarly, we picture a tree to be in our backyard and we picture a neighborhood to be within a city and a city within a country, and so forth. Vividness of recalled images and precision in identifying the geographic location varies, usually becoming weaker as the scale grows larger (Muehrcke and Muehrcke, 1998) . Humans need to locate images in concrete space and the WWW, through the hyperlinking function, meets this need. Furthermore, the WWW compensates for human weakness in terms of recalling images accurately and linking images to their precise geographic locations.
7.2.3
Increases public exposure to urban design concepts Another benefit of these tools is that they increase public exposure to urban design concepts. In an age where the Internet is quickly becoming a major medium of communication, placing these images on the web makes Lynch's concepts more accessible to more people. As an example of this, the site allowed us visually to share the results of a survey with local residents and community leaders. In viewing the site, they may have their first exposure to the idea of their community as a collection of nodes, paths, edges, etc, and they see how images and maps can be used together. The result of using the web for urban design may be the possibility of expanded public environment.
Promotes local knowledge
The WWW, in increasing the audience for these images of the collective mental maps of a community, is the natural next step in developing Lynch's theory because it can not only represent real space, it can also explore values and perception. The WWW can be a tool to promote internalized resident views about problems, opportunities, and expectations. This is true especially in terms of neighborhood level cognition and local knowledge. Local knowledge is the mixture of knowledge built up through practical experience as well as the unique frames of reference people use to give meaning to that experience (Healey, 1998) . This project, in using web animations and movies to express the public's spatial likes and dislikes [which were discovered through a web survey (see Al-Kodmany, 1999) ] illustrates one way the web can be used to represent and incorporate local knowledge. Discovering residents' positive and negative meanings associated with various places in the community is important because it can provide a context for discussing future projects.
The web can also engage a dialogue between local and professional knowledge when it is used as a medium for planners and designers to communicate with residents about improving urban design in their community. Through its powerful data systems, the WWW can provide a higher level of interaction between communities, developers, planners, and officials. With the web, this interaction can take place with a wider pool of people than previously possible, from designers to novices.
Neighborhood planning is based on the notion of users' needs and the WWW can be used as a bottom-up tool, capturing knowledge from local residents, rather than being a strictly top-down communication tool. It can be used to conduct a variety of investigations into human^environment interactions, including the user's perception of the environment, and the influence of urban space on individual/collective behavior.
Drawbacks of using web-based images to represent Lynch's five elements
Although there are important benefits to using web-based images to represent Lynch's five elements, it is also important to consider a few potential drawbacks. 7.3.1. Photographic images can be too realistic One reviewer of this paper pointed out that although the realism inherent in photographs can be an advantage for many people, there is also a possible disadvantage. Lynch uses distortions of reality that arise from individuals' conceptualizations of urban space to order the important elements in the environment. Any group of individuals in a community will have different mental mapsöthere will be various levels of detail recalled and different indications of personal access or range. In combining a group of people's mental maps and representing the districts, edges, nodes, or paths of the community in concrete photographic images, we anchor the analysis in objective reality and thus may blunt the subjective nature of Lynchian analysis.
Another result of using photographs in a public participation design process may be that they provide too much richness of detail. In contrast, urban designers' sketches and artists' sketches can reduce images to fewer issues and thus focus the discussion better. In other words, a picture can evoke multiple messages, feelings, and experiences whereas a sketch is more directive and can focus on a single issue. Although photographs as the basis for design discussions do provide rich information about the physical form of an area, its visual and aesthetic quality, and the positive and negative site conditions, they also tend to evoke a multitude of concerns and comments from participants, which may result in a difficult-to-focus discussion.
In using photographs for design development with the public it is important to be aware of these issues. However, I have found in this project, and in other projects under development, that the benefits of using photographs outweigh these possible disadvantages. Photographs and video have some very important uses in the design process, particularly when they function to bridge the varying perceptions people have about the same place. In general, people have skewed perceptions on which they base and argue for future actions and photographs can move the discussion through such an impasse.
7.3.2 Limited public access to the WWW Although there is great excitement about future possibilities for Internet-based public participation, concerns generally center on access to the technology. Though the percentage of the population with Internet access is growing by the day, this method (used on its own) will still exclude a portion of the population of the community. Access must be ensured in terms of making sure that a significant portion of the pool of participants has Internet access so that there will be wide representation in public participation forums. In these projects, I have attempted to address this issue by providing computers and Internet access at several community locations and then advertising this access in local media. Another possibility that has been considered for survey projects is to send researchers into the community with laptop computers.
A second, related issue is creating a critical mass of users to sustain meaningful interactions. Even when users have Internet access, people must be motivated to log on to the site, whether it is to take a survey or to utilize the visualizations of their community. Some attempts at creating public discussion sites have withered because of lack of message activity (Shiffer, 1995) . This prompts the question of how to achieve a critical level of activity and a broad enough sample. Future work will need to focus on increasing public awareness of the web site and motivating people to use it. webbased communication in public participation planning can be very useful, yet it still must be only one of several tools used in a given planning process. 7.3.3 Difficult to represent certain types and aspects of urban space In this project I found that some types of locations, such as nodes and paths, are more easily represented by visual images. There is more difficulty in developing a way to represent and display a larger area, such as a whole neighborhood or a subdivision. Although VRML is a promising technology for the task of visually representing a large area, it has significant hurdles, such as accessibility on lower-end computers, excessive time to download, etc.
In the workshops it was found that the visual components of larger areas may be effectively visualized with a series of sketches, showing the audience's first associations with the name of a particular neighborhood. These sketches function as quick visual notes which represent the most memorable landmarks, places, and urban ambient. There are also challenges in trying to represent additional qualities of space that define a location, such as the sound of water, traffic, people's conversations, the smell of food, the change of weather conditions such as wind, rain, cloudiness, etc (Kwartler, 1998) .
Need for more interactivity
In this project there is limited opportunity for the user to navigate spaces. The nodal movie provides a high level of navigation; however, the other visualization tools are somewhat static. The still photographs provide some feel for the location but they are not good enough to represent the dynamic nature of the spatial experience. Movies are much better, yet movies have technical problems. They require large files, more space, and they are slow to play on the web, particularly if the user is connected via a modem. This is an important issue to be grappled with as this technology develops further. However I envision these projects as a starting point in examining the potential of the web to augment urban design research. Newer technologies are appearing every day and I look forward to examining new capabilities and applications in urban design.
Future directions
This project has demonstrated the potential for augmenting traditional urban design methods with web-based technologies; specifically, by using concrete photographic images and movies on a web-based map to visualize the imageable locations of a community. Further research will be necessary to develop this work, particularly in the following three areas: (1) improving web interface design; (2) understanding users' experience and interpretations of web-based visualizations; and (3) evaluating the effectiveness of available web-based technologies to communicate residents' perceptions and Lynch's concept of imageability.
First, further research should examine how the web interfaces can be improved to make sites more inviting and user-friendly for novices. For example, in designing maps, experimental studies are needed to evaluate the readability of maps by testing the following: map type (aerial photographs versus base maps, annotated versus nonannotated maps, computerized versus freehand sketch maps); map lettering (type face characteristics, word spacing, use of capital and lowercase letters, placement of lettering, placement of titles and legend); map coloring (color interaction, color preferences, color contrast, color harmony); map layout ; and map scale (Dent, 1996) . In addition, a crucial dilemma will be how to add new features that improve interactivity and improve navigational capabilities without making the site unusable for people who have lower-end computers and who have little knowledge about required plug-ins.
Second, we need to understand better how users experience the web visualizations of their community. How useful are they in helping residents recall certain locations and the feelings, opinions, and behaviors associated with those locations? How realistic is the representation? How does a web-based visualization, which attempts to represent reality', compare with viewers' distorted perceptions about reality? How do different groups of residentsönewcomers, intermediate residents, and long-term residents, or residents of various social, cultural, and economic backgroundsöinterpret these visualizations of their community? More testing and evaluating will be necessary to discover these subjective experiences with the tools.
Finally, further research needs rigorously to assess the effectiveness of the web for visualizing Lynch's five elements of imageability when compared with traditional media. There is a need for research to measure the`improvement' in visualizing places by using the above tools. Access questions will need to be explored first: for example, how many community residents actually visit the site and participate and how often? Does web visualization promote more public participation? When people do visit the site, do visualizations assist them in better perceiving the physical space and urban design?
Conclusion
This project grew out of a community-planning collaboration between an urban university and the leaders of an adjacent neighborhood. It was an attempt to bring the latest web-based technology to the problems of carrying out planning activities in a community in the urban core of Chicago. Lynch's work on imageability, particularly the five elements of paths, nodes, edges, districts, and landmarks, was used as a framework for organizing visualizations of locations in the community that residents had selected as key areas. It built upon Lynch's argument for the importance of public input into city design and expanded his method for displaying residents' perceptions of their community.
Concerned residents of Pilsen are able to access the web page (through home computers or through computers provided for them both at the university and at local community organizations' offices) and, by clicking on the map, they can visualize areas of concern in their community. Thus, the web is being used to present and disseminate information back to the public. In future projects, the possibility of using the web not only for information sharing, but actually to survey residents and gather their evaluative comments about their community is being explored.
This technology provides an innovative format for organizing, analyzing, and displaying visual information. It also provides a new`different time, different place' setting for interacting with the public that is a viable alternative toöor an enhancement toöface-to-face workshop settings. In this project I upgraded analog maps and pictures to digital interactive maps by linking the identified geographic locations to images. By using the WWW, people's perceptions are visualized; they become dynamic and interactive and more meaningful. When compared with Lynch's method of displaying his surveys through text, sketches, and still photos, the WWW is a better tool to organize the information and to disseminate it to community residents and the general public.
As newer web-based technologies become available, they will allow us further to develop these tools and to build on the foundational work described here. Also, design visualization technologies may have additional applications beyond the uses I have described. It is a multipurpose decisionmaking tool that could conceivably be used for tourism, real estate, environmental research, or landscape research. For example, planning and design firms can use web visualizations to share information about a remote study site.
In the last few years we have witnessed a big`comeback' to the field of urban design in academia. In the past, the field has been critiqued as catering to elite businesses, employing arrogant designers, and operating from a top-down approach. However, the WWW provides an opportunity to make urban design more democratic, more accessible, and more bottom-up. It can assist in drawing more novices into the process. Visualization is key as it transforms abstract information into easily understandable graphics. In short, new WWW technologies and visualizations will augment the urban design field and make it more accessible to the larger public.
